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RADIANT ELECTRIC SPACE HEATER 
WITH CAPILLARY TUBE THERMOSTAT 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This is a continuation of application Ser. No. 08/O55.712. 
?led Apr. 28. 1993. now US. Pat. No. 5.381.509. 

FIELD OF THE INVENTION 

This invention relates to a radiant electric space heater 
and. although not so limited. this invention is particularly 
directed to a portable horizontal radiant electric space heater 
for household use. 

BACKGROUND OF THE INVENTION 

Portable horizontal space heaters. i.e. those which have a 
relatively low pro?le. are shown in US. Pat. No. 3.175.550. 
issued to R. S. Knapp on Mar. 30. 1965. US. Pat. No. 
3.059.090. granted to R. S. Waters on Oct.’ 16. 1962. and 
US. Pat. No. 3.610.882. issued to W. A. Omohundra on Oct. 
5. 1971. In addition. there are several diiferent models of 
portable horizontal space heaters currently being marketed 
in the United States. 
A typical portable space heater on the market today has a 

user-adjustable thermostat used to detect the ambient tem 
perature or. more precisely. the temperature of a portion of 
the heater that bears a reasonably constant relation to the 
ambient temperature. In addition. it is also a common 
practice to provide a portable space heater with a high 
temperature limiting device. usually in the form of a non 
adjustable. or else a factory-adjustable. thermostat. An 
important purpose of a high temperature limiting device is to 
avoid the risk of ?re due to certain abnormal conditions in 
which a heater may be used An overheated portable heater 
may also cause personal injury from excessive heat or 
electric shock. 
One cause of overheating is the placement of the heater 

heating elements so close to another object that the object is 
excessively heated. This could occur. for example. when a 
heater which is to be placed with its back close to a wall is 
instead placed with its front close to the wall. It could also 
occur when a heater is tipped over on its front face. Another 
problem which is considered to be an overheating problem 
is the risk of ?re created when a piece of ?ammable fabric 
or other ?ammable material is draped over the front of a 
heater. 
Many of the circumstances which can cause overheating 

can be handled by temperature sensors placed in essentially 
any location in front of the heating elements. However. some 
causes of overheating require more sophisticated 
approaches. For example. Underwriter’s Laboratories. Inc. 
(UL) has a requirement that portable space heaters must 
meet certain so-called “drape” test criteria in which a piece 
of fabric material draped over only parts of the front of the 
heater will not catch on ?re. To meet some drape tests. it is 
necessary to provide a high temperature limiting detector or 
detectors capable of detecting localized hot spots that may 
be created at diiferent locations in the front of the heater. 
Plural overheat detectors have been used in an effort to meet 
these tests. but the use of plural detectors does not provide 
assurance against the formation of localized hot spots. 

Therefore. there is a need for an improved heater which 
can provide adequate protection against overheating in the 
event it is operated under certain abnormal conditions. 
particularly when the heating element or elements are too 

10 

20 

25 

35 

40 

45 

50 

55 

65 

2 
close to other objects. and particularly when the other 
objects are too close to only a portion of the front of the 
heater so that any overheating is localized. 

Capillary tube thermostats have been used for many years 
in baseboard heaters because they are capable of detecting 
localized hot spots over substantially the entire lengths of 
sections of the baseboard heaters. However. in so far as 
known. capillary tube thermostats have not been used in 
radiant heaters since they are not readily heated by radiant 
heat energy. 
Aproblem experienced with conventional radiant electric 

space heaters is that their heating chambers. being open to 
the outside of the heater. often get quite dirty after extended 
use. Accordingly. it would be desirable to enable one to 
clean the heating chamber. However. the grills used to cover 
the windows to the heating chambers. the presence of which 
prevents thorough cleaning of the heating chambers. are. for 
purposes of safety. normally di?icult or impossible to 
remove. 

SUMlVIARY OF THE INVENTION 

An object of this invention is to provide an improved 
thermostatic control for a radiant electric space heater. 
Another object of this invention is to provide such an 
improved control which is readily adopted to mass produc 
tion of heaters and is reasonably inexpensive. 

In accordance with this invention. a radiant electric space 
heater is provided that has a housing having a front wall with 
a heat-transmitting window. a re?ector assembly mounted 
within the housing and forming a heating chamber open to 
the window. One or more electrically operated. radiant 
heating elements are located within the heating chamber. 
Operation of the heating elements is controlled in part by a 
high temperature limiting capillary tube thermostat having a 
capillary tube sensor extending across the heating chamber. 
The capillary tube senser is not heated to trigger an open 
circuit directly by the radiant heating element or elements. 
However. localized hot spots created by the diversion of the 
path of a naturally occurring stream of convectively-heated 
air onto the sensor will cause the sensor to be heated to the 
point that the capillary tube thermostat opens the heater 
circuit. 

Further in accordance with this invention. the capillary 
tube sensor has a section extending through a portion of the 
housing outside the heating chamber so that it can detect 
overheating conditions in the housing outside the heating 
chamber. 
The heater preferably. but optionally. has a fan which 

draws ambient air into the housing to cool the housing. In 
accordance with another aspect of this invention. the re?ec 
tor assembly is su?iciently imperforate that the operation of 
the fan does not create a forced air ?ow in the heating 
chamber which would interfere with naturally occurring 
convectively-heated air ?ow in the heating chamber. 

In another aspect. an object of this invention is to provide 
a radiant electric heater which is easier to clean than prior 
conventional heaters. More speci?cally. an object of this 
invention is to provide a radiant electric heater having a grill 
which can be moved to an out-of-the-way position to permit 
cleaning of the heating chamber. This is accomplished in 
accordance with the presently preferred embodiment of this 
invention by pivotally mounting a rod or grill wire located 
near one edge of the grill in mutually spaced. aligned 
apertures in the re?ector assembly and af?xing the opposite 
edge of the grill to the heater housing with a suitable fastener 
that can be quickly removed. Accordingly. one may remove 
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the fastener and pivot the grill to an out-of-the-way orien 
tation to enable the heating chamber to be cleaned without 
substantial interference from the grill. Advantageously. the 
grill is not readily removed so that it should be returned to 
its proper orientation after the task of cleaning the heater is 
completed 

Still another object of this invention is to provide a radiant 
electric heater with both a capillary tube thermostat and a 
pivotal grill wherein the grill may be pivoted for cleaning 
purposes without changing the location of. or bending. the 
capillary tube sensor part of the thermostat. To this end. the 
portion of the capillary tube sensor within the heating 
chamber lies along the side of the grill wire used to pivotally 
mount the grill. and the capillary tube sensor and the ends of 
the grill wire extend through the same holes in the re?ector. 

Other objects and advantages will become apparent from 
the following description and the drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a perspective view of a space heater in accor 
dance with this'invention. 

FIG. 2 is a slightly enlarged cross-sectional view taken 
along line 2—2 of FIG. 1. 

FIG. 3 is an enlarged fragmentary. cross-sectional view of 
a portion of the heater shown in FIG. 2 along with a 
cross-sectional view of a portion of a piece of fabric draped 
over the front of the heater. 

FIG. 4 is a cross-sectional view of the heater on approxi 
mately the same scale as FIG. 2 and taken along line 4—4 
thereof. 

FIG. 5 is a partially-exploded. fragmentary perspective 
view of the portion of the heater within the circle 5 of FIG. 
1. 

FIG. 6 is a simpli?ed schematic electric circuit diagram 
illustrating the connections of the thermostats with the 
heating elements of the heater of FIGS. 1 through 5. 

DETAILED DESCRIPTION 

With reference to FIGS. 1 and 2. this invention is shown 
embodied in a portable horizontal radiant electric space 
heater. generally designated 10, comprising a housing. gen 
erally designated 12. formed from a central casing 14 to 
which a pair of end walls 16 are connected by suitable 
fasteners (not shown). End walls 16 have elongate support 
ing feet 18 and also preferably provide a support for a handle 
bar 20 that extends over the top of the casing 14. 
Almost the entire front of the casing 14 provides a large, 

rectangular window 22 communicating between the inside 
and the outside of the housing 12 so that radiant heat energy 
can be transmitted from a pair of radiant heating elements, 
namely an upper element 24 and a lower element 26. and 
from a re?ector assembly. generally designated 28. Heating 
elements 24 and 26, which are of the type known as “quartz” 
heating elements. are shown in simpli?ed form in the 
drawings. As known in the art. these each comprise a length 
of coiled resistance wire (not shown) positioned in a high 
quality glass or so-called “quartz” tube. Re?ector assembly 
28 includes are?ector panel 30 and spaced sidewalls 32 and 
34. The re?ector panel 30 has a heat re?ective surface facing 
the heat-transmitting window 22 and the sidewalls 32 and 34 
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have heat re?ective surfaces facing one another. In ' 
elevation. the re?ector panel 30 is substantially coextensive 
with the window 22 and the illustrated re?ector panel 30 has 
elongate parabolic sections 36 and 38 behind the heating 
elements 24 and 26. respectively. The parabolic sections 36 
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4 
and 38 are provided to focus the radiant heat re?ected 
thereby to a relatively restricted area. However. it should be 
noted that the invention described below may be used with 
heaters having other types of heating elements. e.g. simple 
wrapped or else coiled resistance wire heating elements. and 
having different forms of re?ector panels. including essen 
tially planar re?ector panels. 

Re?ector assembly 28. which is connected to the inside 
surface of the casing 14 surrounding the window 22. sepa 
rates the housing 12 into two chambers. namely a radiant 
heating chamber 40. through which the heating elements 24 
and 26 extend. and an inner housing chamber 42. An 
electrically-operated cooling fan 44 is mounted within the 
inner housing chamber 42 and is used to draw cooling. 
ambient air. indicated by solid arrows 52. into the inner 
housing chamber and circulate the air Within the inner 
housing chamber 42 and forces the circulating air to exit 
through plural apertures 48 on the top rear of the casing 14 
and other apertures 50 in the top front of the casing 14 Just 
above the top of the window 22. 
The inner housing chamber 42 also provides a housing for 

heater controls including a user-adjustable thermostat 54 and 
a heater switch 56. Only the control knob of the heater 
switch 56 can be seen in the FIG. 2. the body of the switch 
56 being hidden by the body of the thermostat 54 in FIG. 2. 
The source of electrical power to the heater 10 is indicated 
by a power cord 58 in FIG. 2. 

With reference to FIG. 4. the heater 10 is provided with 
a steam-generating humidi?er comprising a water bottle 60 
and a vaporizer tube 62 partially wrapped by a resistance 
wire heater 64. The bottle 60 may be ?lled through a port 66 
(FIG. 1) in the top wall of the casing 14, and the water level 
within the bottle 60 may be viewed through a window 68. 
Steam generated within the vaporizer tube 62 will exit 
through the ?ll port 66 into the surrounding area. The 
provision of a humidi?er is entirely optional and is not part 
of the present invention. 

Aprotective grill 70 covers the window 22. Preferably. the 
grill 70 includes a horizontal grill or cross wire 72 which has 
ends extending through aligned apertures 74 (FIGS. 1 
through 4) and 76 (FIG. 4) in the re?ector sidewalls 32 and 
34. respectively. Also. the grill 70 may include plural 
vertical grill wires 77 including one located near the center 
of the window 22 that has a screw eye 78 (shown best in 
FIG. 5) fonned at its bottom end through which a screw 80 
extends. With this construction. the screw 80 may be 
unscrewed to enable one to lift the bottom of the grill and 
pivot it about the axis of the cross wire 72. thereby providing 
access to the heating chamber for purposes of cleaning the 
heating chamber 40 and particularly the re?ective surfaces 
of the re?ector assembly 28. 

With reference to FIGS. 1 through 4. in the event of a 
failure of the user-adjustable thermostat 54. an overheating 
of the heater 10 is prevented by use of a temperature 
limiting. capillary tube thermostat. generally designated 
100, comprising a switch housing 102. switch terminals 104, 
and a capillary tube heat sensor 106. The temperature 
limiting thermostat 100 may be conventional. an example 
being an Automatic Reset Type lOHll Linear Limit Ther 
mostat which is available from Therm-O-Disc. Incorporated. 
1320 South Main Street. Mans?eld. Ohio 44907-0538. The 
settings of the thermostat 100 will depend upon the various 
criteria. One such device. Model No. 221140. which is set so 
that its contacts open at 262i10 degrees F. and close at 
222+20 degrees F.. —25 degrees F. have been success?llly 
used in a portable household heater having the con?guration 
of the heater 10 of this invention. 



5 ,652,826 
5 

As shown in FIGS. 2 through 4. the thermostat switch 
housing 102 is mounted on a rearwardly extending portion 
of the right re?ector sidewall 32 and the capillary tube 
sensor 106 projects outwardly from the thermostat switch 
housing 102 to the right side of the right re?ector sidewall 
32 into an open area of the inner housing chamber 42. and 
extends generally parallel to the right re?ector sidewall 32 
forwardly toward the front of the housing 12. and then 
through the aperture 74 in the right re?ector sidewall 32. 
along the entire width of window 22. and then through the 
aperture 76 in the left sidewall 34 to a point of termination 
in an open area of the inner housing chamber 42 on the left 
side of the left sidewall 34. Conveniently. the section of the 
capillary tube sensor 106 spanning across the window 22 
extends alongside the cross wire 72. Also. the center part of 
the capillary tube sensor 106 is preferably supported by a 
connecting Wire loop 108 coiled about the sensor 106 and 
the cross Wire 72. The loop 108 and the apertures 74 and 76 
in the re?ector sidewalls 32 and 34 are of su?icient diameter 
that the grill 70 may be pivoted for purposes of cleaning 
without moving or bending the capillary tube sensor 106. 

With reference to FIGS. 4 and 6. and as will be readily 
understood by those familiar with the art. the user adjustable 
thermostat 54 and the temperature limiting thermostat 100 
are connected in electrical series relation between the power 
source 58 and the switch 56. Accordingly. if the switch 
contacts of the temperature limiting thermostat 100 are open 
circuited because of excessive heat detected by the capillary 
tube sensor 106. power to the heating elements 24 and 26 
will be interrupted and will remain interrupted until the 
temperature of the sensor 106 drops below a predetermined 
level. During this interval. a warning light 111 (FIG. 6) will 
preferably be visible through a red-colored translucent lens 
112 (FIG. 1) on the top Wall of the housing 12 to warn the 
user that an unsafe condition has caused the triggering of the 
temperature limiting thermostat 100. FIG. 6 also shows an 
indicator light 113 which is visible through a lens 113A 
(FIG. 1) used to indicate that the heater is plugged into house 
current. 

A comparison of FIGS. 2 and 3 will demonstrate one way 
in which the capillary tube sensor 106 may be exposed to 
excessive heat. Line arrows 114 (FIG. 2) indicate the direc 
tion of a naturally induced ?ow of convectively-heated air. 
In FIG. 2. which illustrates a normal. safe operating 
condition. the naturally occurring upwardly ?owing stream 
of heated air is channeled by the con?guration of the 
re?ector assembly 28 out of the top of the re?ector above the 
capillary tube sensor 106. Accordingly. the capillary tube 
sensor 106 is not heated to any appreciable extent by 
convection. It is also not heated to a high level by radiant 
energy due to its small diameter. Heating by conduction is 
probably insigni?cant. Accordingly. under any normal oper— 
ating conditions. the capillary tube sensor 106 is not sub 
jected to high levels of heat. 

In FIG. 3. a piece of fabric 116 is shown draped over the 
top and the front of the heater 10. If the heater 10 continued 
to operate under this condition. the exposure of the fabric to 
both radiant heat energy and convectively-heated air could 
cause the fabric piece 116 to ignite. However. the fabric 
piece 116 causes the naturally occurring air stream to ?ow 
in an abnormal path. as indicated by line arrows 118 in FIG. 
3. causing the air stream to impinge on the capillary tube 
sensor 106 and heat part of it to the extent that the switch 
contacts within the thermostat housing 102 open. thereby 
disrupting operation of the heating elements 24 and 26. 
During this time. the warning light 111 indicative of the 
operation of the temperature limiting thermostat 100 is 
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6 
energized and visible through the red lens 112. It may be 
noted that a well-known attribute of capillary tube thermo 
stats is their ability to detect isolated areas of high heat or 
so~called “hot spots.” A piece of fabric draped over only a 
relatively small portion of the total width of the window 22 
will create a hot spot which will cause the capillary tube 
thermostat 100 to respond to its presence. 

Other unsafe conditions that subject the capillary tube 
sensor 106 to a convectively-heated air ?ow are the place 
ment of the heater 10 too close to a vertical wall and the 
tipping over of the heater 10 on its front face. Although a 
tip-over switch. if provided. will normally act to turn off the 
heater immediately if it tips over. the capillary tube thermo 
stat of this invention provides a back-up for the tip-over 
switch and may permit the use of less expensive tip-over 
switches. 

Although the temperature limiting thermostat 100 is pro 
vided primarily to discontinue heater operation when the 
front of the heater is too close to surrounding objects. or 
when the window 22 is covered or partially covered. other 
abnormal conditions may cause the capillary tube sensor 106 
to overheat. In the absence of another abnormal condition. 
the heater 10 will not overheat even if the user adjustable 
thermostat 54 fails in a switch-closed condition. because the 
cooling fan 44 will continue to cool the housing 12. 
However. if the cooling fan 44 should also fail to operate. 
there is a possibility that the housing 12 would become 
excessively hot. This condition may be mitigated by an 
opening of the temperature limiting thermostat switch in the 
event that the temperature within the inner housing chamber 
42 elevates to a dangerously high level. Thus. the section of 
the capillary tube sensor 106 within the inner housing 
chamber 42 will be subjected to convectively (and 
conductively) heated air and may cause the temperature 
limiting thermostat 100 to disrupt power to the heating 
elements 24 and 26. 
The optimal vertical location of the capillary tube sensor 

106 relative to the top and bottom of the window 22 across 
the open window 22 will depend upon the shape and size of 
the re?ector assembly 28. In general. the temperature lim 
iting thermostat 100 will open circuit too frequently if the 
capillary tube sensor 106 is located close to the top of the 
re?ector in an area of a high concentration of the normally 
created ?ow of convectively-heated air. The temperature 
limiting thermostat 100 may take too long to open circuit if 
it is located so far from the top of the window 22 that an 
abnormally created convectively-heated air ?ow does not 
reach the capillary tube sensor 106. Therefore. the vertical 
location of the capillary tube sensor 106 will usually have to 
be determined by trial and error. 

Electric heater control circuits having user adjustable 
thermostats and temperature limiting thermostats connected 
in series are in common use. Except for the use of the 
capillary tube thermostat 100 as employed in this invention. 
the heater control circuit used for the heater 10 of this 
invention may be the same as the prior art circuits. Since the 
circuit does not form part of this invention and may be 
essentially conventional. it is only partly shown in FIG. 6 
and is not further illustrated or described herein. 

Prior art electric radiant space heaters typically have air 
vents through their radiant heat re?ectors through which 
fan-forced air ?ows during operation. The heater 10 of this 
invention does not have such air vents because fan-forced air 
?owing through the re?ector would interfere with the ?ow 
patterns of the naturally occurring convectively-heated air 
and cause improper operation of the temperature limiting 
thermostat. 
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Although the presently preferred embodiment of this 
invention has been described. it will be understood that 
within the purview of the invention various changes may be 
made within the scope of the following claims. 

Having thus described my invention. I claim: 
1. An electric space heater comprising: 
a housing having a front wall and a heat-transmitting 
window in said front Wall; 

a re?ector assembly mounted within said housing and 
forming with said housing a heating chamber open to 
said window. said re?ector assembly dividing said 
housing into two chambers. namely said heating cham 
ber and an inner housing chamber; 

said re?ector assembly having heat re?ective surface 
portions facing said window; 

a source of electrical power; 

an electrically operated radiant heating element connected 
to said power source. said heating element being 
located in said housing between said re?ective surface 
portions and said window; and 

a capillary tube thermostat having terminals electrically 
connected between said source and said heating 
element. said thermostat having a capillary tube sensor 
within said housing extending across said heating 
chamber window, said capillary tube sensor having a 
section located within said inner housing chamber that 
will detect overheating conditions therein. 

2. The heater of claim 1 further comprising a fan for 
cooling said housing located within said inner housing 
chamber that, when properly operating. prevents overheat 
ing of said housing. 

3. The heater of claim 2 wherein said housing has 
openings that admit air at ambient temperature into said 
inner housing chamber and other openings that exhaust 
fan-forced air from said inner housing chamber. and said 
re?ector assembly is su?iciently irnperforate that the opera 
tion of said fan will not create signi?cant forced air ?ow in 
said heating chamber which would interfere with naturally 
occurring convective air ?ow in said heating chamber. 

4. An electric space heater comprising: 
a housing having a front wall and a heat-transmitting 
window in said front wall; 

a re?ector assembly mounted within said housing and 
forming with said housing a heating chamber open to 
said Window; 

said re?ector assembly having heat re?ective surface 
portions facing said window; 

a source of electrical power; 

an electrically operated radiant heating element connected 
to said power source. said heating element being 
located in said housing between said re?ective surface 
portions and said window; 

a capillary tube thermostat having terminals electrically 
connected between said source and said heating 
element. said thermostat having a capillary tube sensor 
within said housing extending across said heating 
chamber window; and 

a grill mounted on said housing within said window. said 
capillary tube sensor extending across said window 
adjacent said grill. an intermediate portion of said 
capillary tube sensor being connected to said grill. 

5. The heater of claim 4 wherein said grill includes a cross 
wire spanning said window and extending into a pair of 
mutually confronting apertures in said re?ector assembly 
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8 
located behind respectively opposite sides of said window. 
and wherein said capillary tube sensor also extends through 
said apertures. 

6. An electric space heater comprising: 

a housing having a front wall and a heat-transmitting 
window in said front wall; 

a re?ector assembly mounted within said housing and 
forming with said housing a heating chamber open to 
said window; 

said re?ector assembly having heat re?ective surface 
portions facing said window; 

a grill covering said window that includes a wire spanning 
said window and extending into a pair of mutually 
confronting apertures in said re?ector assembly located 
behind respectively opposite margins of said window 

a source of electrical power; 

an electrically operated radiant heating assembly con 
nected to said power source. said heating assembly 
including a heating element located in said housing 
between said re?ective surface portions and said 
window. operation of said radiant heating assembly 
creating in said heating chamber a naturally occurring 
stream of convectively-heated air; and 

a capillary tube thermostat having terminals electrically 
connected between said source and said heating 
element, said thermostat having a capillary tube sensor 
within said housing extending across said heating 
chamber window adjacent said grill in a position in 
which it will cause deenergization of said heating 
assembly in the event an outside in?uence causes said 
stream of air to impinge upon said sensor. 

7. An elecnic space heater comprising: 
a housing having a front wall and a heat-transmitting 
Window in said front wall; 

a re?ector assembly mounted within said housing and 
forming with said housing a heating chamber open to 
said window; 

said re?ector assembly having heat re?ective surface 
portions facing said window; 

a grill covering said window that includes a wire spanning 
said window and extending into a pair of mutually 
confronting apertures in said re?ector assembly located 
behind respectively opposite margins of said window; 

a source of electrical power; 

an electrically operated radiant heating assembly con 
nected to said power source. said heating assembly 
including a heating element located in said housing 
between said re?ective surface portions and said 
window. operation of said heating assembly creating in 
said heating chamber a naturally occurring stream of 
convectively-heated air; and 

a capillary tube thermostat having terminals electrically 
connected between said source and said heating 
element, said thermostat having a capillary tube sensor 
within said housing extending across said heating 
chamber window adjacent said grill in a position in 
which it will cause deenergization of said heating 
assembly in the event an outside in?uence causes said 
stream of air to impinge upon said sensor; 

wherein said capillary tube sensor also extends through 
said apertures. 


